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• Gas is the dominant mass constituent of protoplanetary disks

• Gas impact every major step of planet formation: planetesimal formation, accretion of 

planetary atmospheres, and migration of planets. 


How the gas disk evolves and what mechanism drives the global evolution?

AGE-PRO motivation
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• Gas is the dominant mass constituent of protoplanetary disks

• Gas impact every major step of planet formation: planetesimal formation, accretion of 

planetary atmospheres, and migration of planets. 


How the gas disk evolves and what mechanism drives the global evolution?

AGE-PRO motivation

A wind-driven disk loses angular 
momentum as a small amount of gas 
escapes from the disk surface by 
traveling along magnetic field lines and 
gaining angular momentum via magnetic 
acceleration (e.g., Bai & Stone, 2013).
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• Gas is the dominant mass constituent of protoplanetary disks

• Gas impact every major step of planet formation: planetesimal formation, accretion of 

planetary atmospheres, and migration of planets. 


How the gas disk evolves and what mechanism drives the global evolution?

AGE-PRO motivation

In a viscous disk, most of the gas mass 
loses angular momentum and spirals 
toward the star, while a small fraction of 
the gas mass gains angular momentum 
and moves outward (e.g., Pringle, 1981). 
As a result, a viscous disk expands over 
time. 
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AGE-PRO motivation
Current disk evolution models predict distinctive trends on how the 

gas disk mass and size evolve, which will be directly tested by this 
ALMA large program. 
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AGE-PRO sample 
Our survey covers distinct evolutionary phases: Ophiuchus (< 1 Myr) to probe the embedded phase, 
Lupus (1-3 Myr) to probe the middle-age, and Upper Sco (5-10 Myr) to probe the end of disk lifetime.  

Band Lines targeted Beam Int. time

B6 12CO, 13CO, C18O (2-1), H2CO (3-2), DCN (3-2), N2D+ (3-2) 0.2” 30min

B6 C17O (2-1) .SO2(6-7), CH3CN(13-12), SO(1-2), CH3OH (4-5) 0.2” 1hr

B6 12CO, 13CO, C18O (2-1), H2CO (3-2), DCN (3-2), N2D+ (3-2), CH3CN (12-11) 0.2” 30min

B7 N
2
H+ (3-2), DCN (4-3), C34S (6-5), DCO+(4-3) 0.6” 1hr

B6 12CO, 13CO, C18O (2-1), H2CO (3-2), DCN (3-2), N2D+ (3-2), CH3CN (12-11) 0.2” 1hr

B7 N2H+ (3-2), DCN (4-3), C34S (6-5), DCO+(4-3) 0.6” 2hr
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AGE-PRO (“ALMA survey of Gas Evolution in PROtoplanetary disks”) Upper Scorpius:


Measuring key gas disk properties at the end of the disk lifetime
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AGE-PRO (“ALMA survey of Gas Evolution in PROtoplanetary disks”) Upper Scorpius:


Measuring key gas disk properties at the end of the disk lifetime

Dr. Anibal Sierra
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AGE-PRO (“ALMA survey of Gas Evolution in PROtoplanetary disks”) Upper Scorpius:


Measuring key gas disk properties at the end of the disk lifetime

Dr. James Miley
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AGE-PRO (“ALMA survey of Gas Evolution in PROtoplanetary disks”) Upper Scorpius:


Measuring key gas disk properties at the end of the disk lifetime
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AGE-PRO Lupus
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AGE-PRO. Constraining the physical structure of the disk-envelope interface in Ophiuchus 


using Position-Velocity (PV) diagrams of CO isotopologues
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UV-space PV diagrams are constructed by 
fitting, channel by channel, the UV 
visibilities of the line emission to find the 
peak position in each channel (Lommen et 
al. 2008; Jørgensen et al. 2009).

Murillo et al. 2013

AGE-PRO. Constraining the physical structure of the disk-envelope interface in Ophiuchus 


using Position-Velocity (PV) diagrams of CO isotopologues

Pure Keplerian rotation curves (v ∝ R −0.5 , red and blue) and infall (v ∝ R −1 , green) are overlaid on the PV diagram. 



                Oph_1_SSTc2d_J162623.6-242439


The moment 1 map was created over the same velocity range as the moment 0 map, with the emission having an intensity of more than 3σ

AGE-PRO. Constraining the physical structure of the disk-envelope interface in Ophiuchus 


using Position-Velocity (PV) diagrams of CO isotopologues



C17O

Work by Undergraduate José Mondaca



C18O

Work by Undergraduate José Mondaca



Work by Undergraduate José Mondaca

AGE-PRO. Constraining the physical structure of the disk-envelope interface in Ophiuchus 


using Position-Velocity (PV) diagrams of CO isotopologues


Preliminary results



Final remarks
Products to the community

1. Self-calibrated and imaged data cubes of targeted lines and continuum images of all disks, and 


standardized scripts that reproduce the image cubes from the calibrated data delivered by ALMA. 


2. Extracted spectra, moment 0 maps using Keplerian masks, and radial profiles of all targeted 


lines and disks, together with the scripts used to reproduce these high-level data products. 


Science goals

Constrain global disk evolution mechanisms by comparing model predictions with mass and size 
measurements of disks at different ages. 


The results will establish a baseline understanding of the global structure and evolution of protoplanetary 
disks, providing essential context for future in-depth studies of planet formation processes in disks.


Future follow up surveys ! 

ALMA: Dust evolution in planet-forming disks: from early stages to

 
the end of disk lifetime 


- continuum observations for the full AGE-PRO sample at 2.9 and 1.8 mm 


(see Poster of Camila Pulgares)


JWST:  Title: Building on ALMA: a JWST legacy survey of the chemical evolution of planet-forming disks


- to study the evolution of mid-IR molecular line emission across protoplanetary disk ages.



